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CHAPTER  I 


imouucTia 

In  recent  yenrs  there  has  been  a reawalcening  of  Interest  In 
various  techniques  to  influce  sleep  (or  otherwise  eiter  conscious- 
ness) in  nan  by  means  of  externally  applied  electrical  currents.  The 
states  so  induced  have  been  variously  referred  to  as  eleetrosleep, 
electroanesthesia,  and  electronarcosis.  The  three  tens  form  some- 
thing of  a continuum  in  tens  of  the  Intensity  of  the  currents  employed 
Qectrosleep  has  been  described  by  H.  L.  Villiams  {19£3)  as  "a  state 
of  consciousness  grossly  indistinguishable  from  ordinary  sleep,  pro- 
duced by  the  direct  action  of  a veak  rhythmic  current  on  the  brain  of 
a cooperative  subject  in  a nondistracting  environment."  Electronar- 
cosis,  on  the  other  hand,  Williams  refers  to  as  "a  forced  state  of 
motor  and  sensory  blockage,  usually  with  loss  of  consciousness,  pro- 
duced by  the  direct  action  of  a moderately  strong  current  on  the  brain, 
vhile  electroanesthesla  Is  described  as  "a  forced  state  of  total  anes- 
thesia, vlth  or  eithout  total  loss  of  consciousness  and  paralysis  pro- 
duced by  the  direct  action  of  a still  stronger  current  on  the  brain," 

It  is  with  eleetrosleep  that  this  preseol  work  deals.  It  is  said  to 
be  a voluntary  state  either  Identical  to,  or  much  like  natural  sleep 
(Gllyarevskiy,  Llventsev,  Segal,  and  Slrilova,  1958). 

Various  devices  for  the  induction  of  eleetrosleep  are  being 
manufactured  and  sold  in  the  United  States.  Claims  have  been  mede 


regarding  the  therapeutic  potential  of  these  saehlnee  vlth  respect  to 
an  aipaclng  number  of  functioned  and  organic  pathological  conditions 
(foTster,  Post,  and  Benton,  1963;  Boitenburd,  1965).  It  Is  not, 
hoveTer,  the  purpose  of  the  present  work  to  evaluate  In  anj'  wap  the 
therapeutic  potential  of  the  technique,  but  only  to  Investigate  the 
nature  of  the  sleep  which  Is  said  to  be  induced  thereby.  This  has 
been  done  by  a comparison  of  ££0  data  taken  from  a group  of  subjects 
to  whan,  In  a conventional  canner,  the  rhythmic  currents  were  applied, 
and  to  data  taken  from  a control  group.  This  comparison  was  made  in 
terns  of  patterns  of  sleep  over  a period  of  time,  kebb  (196?)  has 
pointed  out  that  with  respect  tothe  various  stages  of  sleep,  as  scored 
by  the  system  of  Dement  and  neltmen  (1959),  there  Is  a marked  Intra- 
subject consistency  across  nights.  These  patterns  can.  of  course, 
be  temporarily  altered  by  such  potent  agents  as  barbiturates  and  other 
pharmaceuticals.  One  can  be  led  to  expect  tben  that  subjects  treated 
by  electrosleep  techniques  slight  show  alterations  in  sleep  patterns 
which  would  not  be  found  in  subjects  otherwise  treated.  Little  para- 
metric work  has  been  done  to  determine  the  quali^  of  sleep  following 
the  application  of  electrosleep  currents.  Ho  electrosleep  investigator 
has  systematically  studied  post-application  records  in  terms  of  sleep 
stages.  The  experiment  reported  in  the  following  pages  provides  this 
data.  Before  a detailed  description  of  the  methodoloar  of  the  present 
work  a review  of  the  background  of  electrosleep  seems  appropriate. 


BACniROUm 


ThB  InTBstlgatlss  of  electricity  as  a therapeutic  agent 
seems  historically  to  he  nearly  as  old  as  the  investigation  of 
electricity  as  a physical  phenomenon.  It  is  said  (Knoll,  196d) 
that  £enjaain  rranicUn  as  early  as  1750,  using  bins^f  as  a subject, 
tried  leyden  Jar  shock  from  which  he  experienced  a loss  of  conscious- 
ness and  found  the  process  to  he  "of  some  modest  and  transient 
therapeutic  value  in  palsy"  (p.  2).  Tan  Posnak  (1963)  In  his  review 
cites  the  work  of  Mach  in  1875  as  the  beginning  of  electronarcosis. 
Mach  succeeded  in  immshilising  fish  when  he  passed  a direct  current 
between  electrodes  immersed  in  their  water.  In  1902  leduc  is  said 
to  have  produced  sleep  and  general  anesthesia  in  rabbits  by  means  of 
a transcerebral  application  of  an  interrupted  low  Intensity  current 
(Forster,  et  al..  19d3).  later  that  same  year  Leduc  attempted  a 
similar  experiment  upon  himself  using  a pulsed  current  of  3-12  milli- 
amps  of  direct  current.  He  did  not  lose  consciousness  but  claimed 
to  have  lost  voluntary  movement  end  to  have  experienced  feelings  of 
fear  and  helplessness  (Tan  Poznak,  19^3,  p,  102). 

By  191h  Rablnovltch  had  introduced  the  term  "electric  sleep* 
which  she  distinguished  from  analgesia  cr  electroanesthesia.  She 
describes  the  process  as  one  in  which  a negative  electrode  vas  placed 


the  forehead  with  the  positive  electrode  on  the  palm  of 


The  current  vas  gradu&lly  stepped  up  to  3/4  of  a nllUanp  of  direct 
current  and  her  patients  were  reported  to  bare  gone  to  sleep  within 
a few  Dinutee  and  to  have  awakened  feeling  refreshed  after  more  than 
an  hour  (RahinoTltch,  I?l4],  The  research  in  this  area  froo  1914 
until  1953  was  essentially  a matter  of  trying  varioue  coahinations 
of  current  paraoeters  with  both  can  and  anisals  and  is  thorou^y 
reviewed  by  Tan  Potnak  (19d3),  Austen  (1965)  and  lewis  (1966). 

Soth  alternating  and  direct  currents  were  used  by  a number  of  inresti- 
gators.  lirect  currents  vers  applied  both  constant  and  pulsed  with 
a vide  rariety  of  ware  forms,  amperages,  and  voltages  (see  lewis, 

1966,  pp.  52  and  53  for  a cooprehensiva  table  of  these  parameters). 

The  real  impetus  for  electrosleep  research  as  it  is  seen 
today  stems  from  the  theoretical  and  experimental  work  of  Pavlov. 

In  his  study  of  the  physiology  of  sleep  Pavlov  (194?)  ascribed  much 
significance  to  the  effect  of  prolonged  monotonous  stimuli.  Be  says 
that  "foreign  stimuli  which  may  be  repealed  without  further  conse- 
quence  for  the  animal  also  throu^  their  own  effects  alone  lead  to 
the  development  of  an  inhibitory  condition  In  the  cortex"  (p.  99). 

In  the  same  work  he  says:  "Prolonged  stimulation  of  the  same  points 
in  the  cortex  leads  to  a very  profound  Inhibition  of  them,  which, 
naturally,  by  irradiating  vigorously,  encompasses  the  cerebral  bemi- 
spberes  and  descends  to  the  lower  brain  centers"  (p.  221).  Again  in 
the  same  work  he  saysi  "Further,  it  is  generelly  known  that  weak 
and  monotonous  stimuli  make  people  sluggish,  sleepy,  and  some  actually 
fall  asleep"  (p.  327). 


OlljrsMTslcly  and  his  assoctatss  {1958)  offer  the  Pavlovlan 
concept  of  protective  Inblhltlon  as  the  rationale  for  sleep  therapy. 
Leris  (1955)  suns  iqi  their  position  as  folloos!  “When  faced  with 
exhausting  overstloulationi  the  organism  can  react  vlth  hindrance; 
this  can  exist  in  a single  cell  or  radiate  over  the  entire  brain.  In 
Its  fullest  state,  hindrance  is  seen  as  natural  sleep;  less  conplete 
degrees  are  expressed  as  various  fores  of  hypnosis,  sleepiness,  or 
in  some  patients  as  symptoms  such  as  catatonia,  autism,  and  rithdraual. 
ly  adding  a full  and  healing  degree  of  hindrance,  sleep  is  therapeutic" 
(p.  45). 

Since  drug.induced  sleep  often  results  in  some  unpleasant 
side  effects,  Gilyarovskiy  and  his  associates  (1958)  looked  for 
another  means  of  promoting  this  protective  Inhibition  or  hindrance. 

They  hypothesized  that  weak,  low-frequency  pulsed  currents  might  pro- 
duce a more  natural  sleep-like  state,  i pulse  generator  was  built 
which  could  emit  a mean  current  strength  of  5-12  Dlcroacips  and  a 
pulse  duration  of  .2-.3  milliseconds.  Subjects  reclined  in  a dimly 
lit  room  and  electrodes  in  the  form  of  silver  discs  covered  with 
saline-soaked  e^ute  were  ty^plied  to  tlie  eyelids  and  mastoid  areas. 

The  cathode  terminal  of  the  generator  was  connected  to  the  eyes. 

With  a model  pulee  setting  of  15  pulses  per  second  and  a gradual 
introduction  of  the  current,  the  subjects  experienced  a vibrating 
sensation  at  the  base  of  the  skull  and  gradually  began  to  feel 
lethargic.  The  current  was  gradually  increased  until  the  subject  re- 
ported discomfort  and  then  decreased  slightly.  Of  over  1000  subjects. 


337  vers  said  to  bare  slept  during  and  after  trealaent.  Qectro- 
eneephalographlc  recerdings  were  said  to  be  inconsistent  tut  to  shov 
an  increase  in  botb  slow  and  high  frequency  activity. 

A very  extensive  review  of  the  Aoerlcan  literature  shows 
that  nearly  all  recent  experimentation  with  electrosleep  has  eisplayed 
equipment  and  techniques  similar  to  those  ^ust  described.  Burton 
Austen  11965)  has  used  this  fact  to  apply  greater  precision  to  the 
definition  of  electroslesp  when  he  stated  that  'electrosleep  can 
be  defined  not  only  as  Williams  has  done,  in  terms  of  the  type  of 
state  'produced  by  the  direct  action  of  a veah  rhythmic  current  cn 
the  brain,’  but  also  in  terms  of  the  range  of  the  stimulus  parameters 
applied  and  the  techniques  used.  Villiacs'  definition  could  be  ex- 
tended by  the  insertion  of  '.  . . produced  by  the  application  of 
rectangular  pulses  of  less  than  0.5  msec,  duration,  of  less  than 
100  microamps.  mean  pulse  strength,  at  a frequency  of  1 to  30  pps. , 
through  electrodes  placed  over  the  closed  eyelids  (cathode)  and 
mastoid  process  (anode)  of  a cooperative  subject  in  a non-dlstractlng 
environment'"  (p.  5). 

As  cited  above,  VilllaBs  referred  to  electrosleep  as  a stats 
grossly  indistinguishable  from  sleep.  Pavlov’s  renrks  as  Interpreted 
by  his  contemporary  followers  (Gllyaiovsidy,  et  al..  1953)  Indicate 
that  a state  of  "natural"  sleep  should  result  from  the  application 
of  the  currents  recommended.  Very  little,  however,  has  been  written 
which  describes  the  qualitative  aspects  of  sleep  which  is  said  to 
result.  The  report  of  EH,  data  by  Gilyarovskiy  and  his  associates 
(1958),  i.  e.,  that  both  hl^  frequency  and  low  frequency  waves  were 


seen  In  some  oases  to  Increase  after  treawient,  are  elrtually  unln- 
terpretatle  In  terns  of  nodern  techniques  for  the  study  of  sleep. 

The  data  availahle  thus  far  has  failed  to  establish  a clear 
cut  causal  relationship  between  the  applications  of  the  currents  and 
the  sleep  wblcb  may  or  may  not  follow.  As  has  prerlously  been 
mentioned,  only  about  one.thlrd  of  the  eases  reported  by  Gilyarovskiy 
actually  slept  during  and  after  treatment.  In  the  first  American 
study  of  the  sans  technique,  Torster,  et  al.  (1963)  found  that  roughly 
half  of  the  subjects  exposed  to  the  currents  slept  during  or  after  the 
treatment.  Straus,  Elklnd,  and  Bodlan  (1964)  compared  electrosleep 
treatments,  sham  electrosleep  treatments,  and  treatments  with  100  mini, 
grams  of  phenobarbi lal , His  subjects  were  nonpsychlatric  in-patients  who 
complained  of  difficulty  in  sleeping.  The  sleep  of  the  three  groups 
was  compared  on  the  basis  of  ratings  by  nurses  and  tbe  patients  them- 
selves. Ho  significant  difference  was  noted  between  barbiturate  sleep 
and  electrosleep.  lie  sham  procedure  was  rated  as  inferior  by  the 
nurses  but  not  by  the  patients.  SICs  were  taken  before  and  after 
electrosleep  treatments  for  four  subjects  and  "no  changes  following 
the  treatments  were  observed"  (p.  518)-  It  should  he  pointed  out 
that,  regardless  of  any  hypothesised  Inhibitory  effects  which  might 
be  ascribed  to  the  cerebral  application  of  electrical  pulses,  the 
subjects  of  all  these  studies  were  reclining  In  a "nondlstractlng" 
environment  with  their  eyes  closed  and  night  logically  be  expected 
to  fall  asleep.  Koreover,  Pavlov  (1947),  Oswald  (1962),  Qeltman 
(1963]  end  many  others  have  spoken  at  length  regarding  the  sleep 


Inducing  potential  of  mrlous  fores  of  sor.otonops  and  repeated  stisii. 
latlons.  KleltEian  (19^3]  goes  on  to  point  out  that  even  the  presence 
of  nonotonous  stlouli  is  not  essential  to  sleep  Indvwtion  as  long  as 
the  subject  relaxes  and  is  soceidiat  confined  vlth  regard  to  soTestent 
capacltj  (as  is  the  subject  ihio  is  prepared  for  £31  or  electrosleep]. 
He  cites  the  work  of  lorell  and  Morgan  (1942)  in  ehlch  control  sub. 
Jects  shoved  as  ouch  tendency  to  becooe  drovsy  and  fall  asleep  as  did 
the  experimental  group  ^o  vere  subjected  to  a repeated  tone.  levis 
(19^)  said:  "Indeed,  it  seecs  n little  surprising  in  the  electro- 
sleep  studies  that  people  repeatedly  put  to  bed  in  a dim,  quiet  room 
with  their  eyes  covered  do  not  go  to  sleep  more  than  yi  of  the  tins, 
especially  after  the  Initial  novelty  wears  off"  (p.  55). 

ElBCtrosleep  enthusiasts  (Oilyarovskiy,  et  al..  1958!  Clark 
and  Vebb,  1963;  Lafayette.  1944)  have  stron^y  emphasised  tbs  Im. 
portence  of  the  application  of  the  slectraslsep  currents  to  the  head 
of  the  subject,  usually  in  the  precise  manner  described  In  the 
definition  of  Austen  (1965)  as  previously  quoted  in  this  work. 
Silyarovskiy  (195S)  states  that  "when  the  electrodes  are  arranged 
transcerebrally  or  oculo-occlpitally  the  current  enters  the  skull 
throu^  the  orbital  fissure  and  the  foraoina  in  the  orbits  as  well  as 
through  the  thinner  bones  forcing  the  wells  and  base;  it  leaves 
through  the  foramen  "ngminv  and  thin  cellular  bones  of  the  mastoid 
prccBSS.  ihls  is  the  best  method  of  bringing  the  current  into  the 
skull  and  of  making  it  penetrate  into  the  brain  substance"  (p.  24). 

He  goes  on  to  say  that  if  in  place  of  the  mastoid  electrodes  "an 
occipital  electrode  is  used  beneath  the  hairy  part  of  the  head,  a 


consider&Ue  portion  of  the  current  tranches  off  and  passes  through 
the  soft  tissues  surrounding  the  slculi  " (p.  2b),  Certainly  we  could 
conclude  fron  this  that  in  SllyaroTskly's  opinion  any  sleep  which 
might  follow  repeated  electrical  stimulation  (within  the  range  of 
the  electrical  parameters  of  his  technique)  of  a fleshy  part  of  the 
tody  far  reoDred  from  the  head  would  not  he  regarded  as  electrosleep. 
Partly  for  this  reason  pulsed  electrical  stimulation  of  the  leg  was 
applied  to  the  control  group  In  the  present  work. 

It  is  apparent  from  mny  sources  (Ollyarosskly,  et  al..  1958? 
Andreev,  19^;  Lewis,  196d)  that  a certain  element  of  suggestibility 
enters  Into  the  usual  eleclrosleep  procedure.  The  technique  Is 
often  explained  to  the  subject  as  a procedure  which  will  relax  him 
and  make  it  possible  for  him  to  achieve  a beneficial  form  of  sleep. 

would  compare  electrosleep  with  any  control  technique.  In  concluding 
his  review  of  the  literature,  Levis  (1988)  states  that  until  such 
research  Is  performed  "we  cannot  even  be  sure  that  electrosleep 
exists  Independent  of  the  effects  of  suggestion  and  monotony,  let 
alone  evaluate  Its  use  in  human  disease"  (pp,  55-56),  Analysis  of  the 
sleep  patterns  of  subjects  to  whom  electrosleep  currents  are  applied 
may  provide  a step  In  that  direction.  Two  groups  were  used  in  the 
present  study  so  that  electrosleep  (induced  sleep)  might  be  compared 
to  sleep  accompanied  by  stimulation  in  a manner  not  purported  to  In- 
duce sleep.  The  essential  role  of  cranial  application  as  quoted  from 
Gilyarovskiy,  et  al.  (1958)  clearly  Impllee  that  the  effects  of  the 
two  treatments  should  differ. 


CHAPrUl  III 


HErttKLOGy 

Design  of  the  Study 

Tliere  were  two  conditions  In  this  study.  Ose-balf  of  the 
snhjeets  (the  experimental  group)  received  the  standard  cranial 
application  of  electrosleep  current  as  detailed  helow.  The  other 
half  of  the  subjects  (the  control  group)  received  essentially  the 
saoe  current  applied  to  a leg.  The  two  grotq)S  were  compared  in 
terms  of  their  deviations  from  a previously  established  baseline 
session  In  idilch  no  current  was  used. 


There  were  five  consecutive  experimental  days  for  esuch 
subject.  Subjects  were  studied  lu  pairs  in  the  psychophysiology 
laboratory  of  the  J.  Hlllls  Hiller  Health  Center  which  has  SIS 
facilities  for  the  simultaneous  recording  of  the  sleep  records  of 
two  persons  sleeping  in  separate  rooms.  These  rooms  are  essentielly 
identical.  Each  contains  a comfortable  bed  and  Is  carefully  con- 
trolled to  prevent  variations  in  lifting,  temperature,  and  sound. 

In  a cnitral  control  room  are  located  two  twelve-channel  SSS 
machines  and.  during  the  course  cf  the  present  research,  one  two- 
channel  pulse  generator  (electrosleep  machine  or  ESH],  Trcm  the 
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control 


experlaester  can  comiunlcate  with 


lonltor  the 


subjects  In  the  sleeping  rosDs  b/  neans  of  intercon  systens.  The 
experiaenter  end  subject  can  also  conounicate  by  iseacs  of  a push- 
button operated  tone  generator. 

The  £SM  was  constructed  by  the  electronics  staff  of  the  J. 
Hillis  Killer  Seedth  Center.  The  dcrice  is  capable  of  generating 
unidirectional  current  pulses  at  20  pulses  per  second  with  a nean 
current  strength  which  could  be  sailed  froi  0 to  20  slcroaiiips.  Ihe 
pulse  duration  was  set  internally  at  .3  millisecond.  These  are 
essentially  the  same  parameters  employed  by  fersteiii  et  al..(1963) 
as  interpreted  by  Austen  (19£i).  The  £SM  used  in  the  present  study 
is,  however,  constructed  so  as  to  accommodate  two  subjects  simultane- 
ously with  a fixed  pulse  rate  and  independently  variable  rates  of 
amperage.  Current  strength  is  set  for  either  channel  by  means  of 
external  dials  and  can  be  monitored  continuously  by  tw  conrentional 
Blcroametere  on  the  face  of  the  device  (see  figure  1 for  a photograph 
of  the  TSH).  Two  cables  lead  from  the  ISK  to  the  sleeping  rooms. 

In  the  rooms  the  cables  terminata  kite  two  wires.  Sach  of  the  wires, 
in  turn,  terminate  into  a T-shaped  yoke  with  two  disc-shaped  silver 
electrodes  inch  in  diameter.  Thus,  there  are  four  electrodes 
in  the  room  for  each  patient.  The  two  cathode  electrodes  are 
slightly  indented  to  fit  comfortably  against  the  eyelids  while  the 
anode  electrodes  are  flat  and  fit  against  the  mastoid  area.  When 
applied  to  the  subject  the  eye  electrodes  were  heavily  smeared  with 
electrode  Jelly  and  taped  securely  to  the  eyelid  which  bad  been  taped 
shut.  The  oastold  leads  were  secured  with  colodlon  saturated  gauze 


1. — The  Thlse  Senerator  or  Bestroeleep  Heehlne. 
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pads  and  vere  also  siceared  with  elactrode  jelly  to  enhesce  ourent 
now  and  to  prevent  dryness  and  beat. 

The  subjects  were  prepared  for  the  13B  as  follows!  The 
Intemational  1(U0  System  was  used  for  electrode  placement  at  the 
following  sites!  1^,  Fg,  C^,  C^,  C^,  0^,  p^,  Tj,  Tg, 

Oy  0^,  and  Grass  silTer  disc  ^ectrodes  vere  applied  using 

a mixture  of  bentonite  and  Cambridge  electrode  jelly.  Two  additional 
electrodes  were  used  to  recoid  the  POG,  one  placed  supra.^bltally 
on  the  right  side,  the  other  infro-orbitally  on  the  left,  dll 
electrodes  were  secured  with  colodlon  saturated  gauze  pads. 

Ten  channels  of  the  tvelTe-channel  Grass  W machines  were 
used  (8  for  £EG  and  2 for  POG).  The  electrodes  were  referred  as 
as  follows!  to  P^,  F^  fg*  Cj  to  Cy  to  Cg,  P^  to  Ty  P^ 
to  Ig,  Oj  to  OjPj,  Og  to  OjPj,  left  Infra-orbital  to  riSil  siqita- 
orbltal,  and  left  infra-orbital  to  F^.  The  two  additional  channels 
were  carried  in  reserve  in  case  of  malfunction.  The  paper  speed  was 
15  an/sec. 

The  subjects  were  twelve  male  students  at  the  University  of 
Florida  and  ranged  in  age  from  18  to  25  (mean  21.1  years).  Paob 
was  a volunteer  and  was  paid  $1.00  for  each  hour  spent  in  the 
laboratory.  Because  of  some  precautionary  remarks  by  Gilyarovskiy, 
£t_^.  [1958)  regarding  the  possible  danger  of  ablatio  retinae  in 
electtosleep  treatments,  all  subjects  were  given  a fundnscopic 
ezaBination  by  a staff  physician.  Hone  were  rejected  on  this  basis. 
One  subject  was  rejected  before  his  first  trial  when  It  became 


apparent  to  the  experimenter  that  he  had  read  about  electrosleep 
and  suspected  that  the  study  Involved  its  use.  Tor  the  purpose  of 
controlling  for  suggestibility  effects  the  experimenter  told  none 
of  the  subjects  the  purpose  of  the  experiment.  On  the  basis  of 
their  Initial  (baseline)  sleep  latencies  subjects  were  assigned  to 
balanced  groups.  The  student  health  service  was  consulted  to  make 
certain  that  none  of  the  volunteers  had  ever  applied  for  psycho- 
therapy or  any  psychiatric  care.  One  volunteer  was  found  to  have 
been  a psychiatric  patient  and  rejected. 

Xach  pair  of  subjects  was  run  for  five  consecutive  (Sunday 
through  Thursday)  days  for  periods  of  approximately  two  hours  each. 

The  first  of  each  pair  reported  to  the  lahoratoiy  at  12i30  ?.K. 
and  was  prepared  for  the  experiment.  The  second  reported  about  one 
hour  later  and  underwent  the  same  procedure  while  the  first  lay  In 
the  sleeping  room.  Noting  some  snail  but  significant  differences 
between  early  and  late  naps  with  rsfsrd  to  distribution  of  stages 
reported  by  Karon,  Rechtschaffer,  and  Wolpert  (1964),  the  ei^erimenter 
assigned  three  control  subjects  and  three  experimental  subjects  to 
each  starting  time. 

To  each  subject  the  SHI  electrodes  were  applied  first.  Then 
be  was  given  an  opportunity  to  gc  to  the  restroom  and  prepare  him- 
self for  bed.  He  was  then  taken  to  the  sleeping  room  where  his 
eyelids  were  taped  shut  and  the  SSM  electrodes  were  applied.  So 
that  the  comfort  of  both  experimental  and  control  subjects  would  be 
similar  every  subject  had  SSM  electrodes  applied  to  both  the  head 
and  leg.  Subjects  in  the  experimental  groups  wore  "dummy*  electrodes 
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on  the  leg  vhile  the  contrca  groi^  wore  "dunsy"  electiodee  at  the 
eyes  and  sastold  area.  On  the  first  or  baseline  night  no  current 
was  used.  Each  subject  was  told  that  be  was  to  lie  In  the  rooo  for 
about  two  hours  and  that  he  would  be  notified  when  his  tine  was  up. 

Be  was  further  told  that  he  could  sleep  if  he  chose  but  that  it  sas 
not  essential  that  be  do  sc.  the  eramlner  turned  off  the  lights  and 
left  the  roon  closing  two  heavy  doers  behind  his.  Ihe  subject  was 
advised  by  neans  of  the  Intercon  that  should  be  need  anything  he 
could  be  heard  by  the  eiperlnenter.  The  ESI  was  than  calibrated  and 
left  running  for  two  hours  after  which  the  subject  was  notified  by 
Beans  of  the  IntercoD  that  his  tiae  was  up,  led  fron  the  sleeping 
roon  and  had  the  various  electrodes  lenoved. 

If  at  any  tine  during  the  experlnental  procedures  a subject 
ashed  the  purpose  of  the  study  ha  was  told  that  the  experlnenter 
was  slnply  interested  in  the  electroencepbalographic  characteristics 
of  young  adults.  If  (piestlons  were  ashed  regarding  the  purpose  of 
the  SM  electrodes,  the  subject  was  told  that  these  served  to  anpllfy 
the  £B1  readings. 

On  the  second  and  subseiiuent  eipetioental  days  there  were 
two  added  procedures.  After  the  subject  was  put  to  bed  a siero- 
svitch  was  taped  to  his  preferred  hand.  Before  starting  the  EES 
recording  the  experiioenter  ashed  the  subject  by  teans  of  the  iutercom 
to  listen  for  a tone  and  to  signal  when  he  heard  it  by  pressing  tbe 
nicrosvltch.  Tbe  experimenter  then  pressed  a button  which  activated 
to  a speaher  in  the  sleeping  room. 
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lie  lovnd  heard  hy  the  subjects  was  1000  cps.  at  AO  di.  and  .50 
second  In  duration.  The  subject's  nlcroevltch  response  activated 
a pen  on  one  of  the  unused  channels  of  the  £10  to  signal  the  experi- 
menter. 

Having  acquainted  the  subject  with  the  signalling  procedures 
the  experimenter  turned  on  the  ISK.  The  current  strength  dial  was 
Initially  set  at  0 while  the  machine  warmed  up  and  the  subject  tas 
informed  that  be  might  soon  feel  a mild  tingling  sensation  (at  the 
eyes  and  behind  the  ears  if  an  experimental  subject,  or  at  the  leg 
electrodes  if  a control  subject)  and  he  was  ashed  to  tell  the  experi- 
menter when  he  first  felt  it.  The  current  was  gradually  introduced 
until  the  subject  reported  the  sensation  of  Its  presence.  At  this 
point  the  experimenter  recorded  the  reading  of  the  microameter.  The 
subject  was  then  instructed  to  tell  the  experimenter  if  and  when  the 
intensity  of  the  tingling  became  uncomfortable  or  annoying  and  the 
current  was  slowly  Increased  until  either  the  subject  reported  discob 
fort  or  a meter  reading  of  20  microamps  was  reached.  The  current 
was  never  increased  beyond  20  microamps  in  Chat  this  was  the  Eaximum 
reliable  reading  of  which  the  meters  were  capable.  If  this  level  was 
reached  without  a report  of  a dlscosifort  by  the  subject,  tbe  setting 
remained  unchanged  for  tbe  hour  durlrg  which  the  current  was  applied 
tc  the  subject.  If  at  any  point  the  subject  reported  discomfort  he 
was  informed  that  tbs  current  was  being  reduced  slowly  and  he  was 
ashed  Co  report  when  It  became  comfortable  again.  Tbe  experimenter 
waited  for  thirty  seconds  Co  see  If  the  subject  would  adapt  to  Che 


correst  and  report  it  as  coofortable.  If  no  such  report  was  fortli- 
coolng  the  current  vas  slowly  reduced  until  the  subject  responded, 
at  which  point  the  setting  was  oaintalned  for  one  hour  (see  lahle  1 
for  the  settings  used]. 

On  the  second  and  subsequent  trials,  no  continuous  EEC 
recordings  could  be  mde  during  the  first  hour  due  to  the  electrical 
interference  of  the  £SM.  Interaitlent  recordings  were  accomplished 
in  the  following  toanner.  Ten  minutes  after  the  final  ISK  setting 
was  achieved,  the  experimenter  sounded  the  signal  tone.  This  tone 
was  repeated  at  random  intervals.  The  mean  of  these  intervals  vas 
five  minutes.  If  at  any  time  the  subject  failed  to  respond  to  two 
consecutive  signals  the  £SK  was  turned  off  and  a £o-second  E1& 
recording  vas  taken.  After  such  a recording,  the  ISK  currents  were 
resumed.  Subsequent  isterDiltent  recordings  were  made  in  the  same 
manner  every  ten  minutes  until  the  ISK  current  had  been  applied  (at 
its  final  setting)  to  the  subject  for  one  hour.  At  the  end  of  this 
hour,  the  ISh  was  turned  off  and  a continuous  SZS  recording  was 
Initiated.  The  length  of  the  continuous  recording  vas  determined  as 
follows!  At  the  time  of  the  subject's  second  failure  to  respond 
to  the  signal,  he  vas  assumed  to  be  asleep.  This  time  was  recorded 
and  the  subject  vas  awakened  two  hours  thereafter  at  which  time  SSI 
recording  vas  ceased.  In  the  event  that  no  two  consecutive  response 
failures  occurred  during  the  first  hour,  the  ESK  was  turned  off  and 
a two-hour  SSI  recording  was  takes. 

The  records  were  scored  by  a skilled  technician  employed  by 
The  scorer  vas  not  aware  of  the  identity  of  the 


the  laboratory. 


subjects  or  of  their  ^oup  ssslgnoenls.  The  records  uere 
using  a.  modified  rerslon  of  the  method  suggested  by  Dement  aad 
Kleittian  (1957)>  This  modlficetlon  which  hss  been  In  use  for  some 
time  at  the  University  of  Florida,  is  fully  described  by  Williams, 
Agnew,  and  Vebb  (19£b],  After  scoring,  the  records  were  analysed  is 
terms  of  sleep  Stages  I-IT  which  are  characterized  by  Vebb  (19d7] 
as  a depth  of  sleep  continuum  and  State  I-KSK  which  is  associated 
with  Tisual  dreaming.  Analyses  can  be  icade  In  terms  of  latency, 
length,  order,  and  frequency  of  ocoirrence  of  the  various  stages. 


CHAPTER  IV 


RISUIIS 

Comparison  of  the  Honexuerliiental  Sleep  of 


During  the  first  session  (baseline  day)  a two  Hour  continuous 
record  vas  taken  for  eacb  subject  and  scored  for  sleep  stages.  This 
vas  done  to  obtain  eetiiEiatee  of  the  "norsal°  or  nontreatnent  sleep 
of  the  subjects.  In  order  to  determine  whether  or  not  the  sub- 
jects in  this  study  differed  from  other  young  adult  males  is  their 
sleep  patterns  this  data  was  compared  to  that  of  Vebb  and  Agneu 
(1967).  The  authors  Just  cited  studied  a group  of  12  young  adult 
males  (ages  17-21  years)  whose  sleep  sessions  began  at  12:30  P.X. 

In  the  present  study,  six  subjects  began  their  sessions  at  1:15  P.H. 
(with  slight  rarlations  depending  on  wiring  time]  while  the  other 
six  began  at  approziirately  2:15  F-H.  From  Table  Z:  it  can  be  seen 
that  the  baseline  sleep  of  the  12  subjects  In  the  present  experi- 
ment differs  rery  little  in  terms  of  stage  distribution  from  that  of 
the  subjects  of  Vebb  and  Agnew  (19d7).  The  greatest  difference  between 
the  two  groups  is  in  mean  percentage  of  Stage  II  (3,66  per  cent)  and 
is  really  iiuite  small  considering  that  both  groups  spent  upwards  of 
bo  per  cent  of  their  total  time  In  this  stage.  Both  the  data  of 
Webb  and  Agnew  and  that  of  the  present  author  can  be  further  compared 
to  that  of  Haron  et  al.  (19£4)  who  reported  that  their  12  young  adult 
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Msui  pa  cm  07  time  spesi  m each  stage  of  sleep  ookpariho  the 
DATA  OF  UEIB  AND  AGSEil  (1967)  AND  THE  BASELIHE  NAPS  OF 
All  12  SUBJECTS  IN  THIS  STUDY 


St&ga  Webb  and  Agnev  Present  Study 

Per  cent  Per  cent 

0 10.79 

1 13.?6 

I-SEM  11.85 

II  Wf.37 

III  b.3li 

IV  lb.69 


subjects  (reportei  to  be  "in  their  20’s  or  early  30's,"  p.  50b]  during 
afternoon  naps  averaged  Ib.S  per  cent  of  Stags  URB<  (csopared  to 
11.65  per  cent  for  Hebb  and  Agneu's  subjects  and  13*56  per  cent  for 
the  subjects  in  the  present  study).  Haron  et  al.  further  report  a 
conblned  percentage  for  Stages  III  and  IT  of  19.3  per  cent  (cooipared 
to  19. Z3  per  cent  for  Vebb  and  Agnes  and  25.bl  per  cent  for  the 
present  author).  Thus  it  would  appear  that  the  data  for  all  three 
sets  of  young  university  students  is  quite  similar  and  that  the 
subjects  in  the  present  study  are  not  unusual  with  regard  to  their 
afternoon  sleep  patterns. 

Sleen  Saaoles  During  Eleetrlcal  Stimulation 
It  will  be  recalled  that  during  the  actual  current  application 
{electrical  stimulation  during  the  entire  first  hour  of  each 
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40.69 

7.33 

18.08 
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illnuoue  ££&  recoriings 


In  order  to  obtain  some  estimate  of  the  quality  of  sleep  during  the 
first  hour  of  these  sessions  (days  2-5)  it  was  necessary  to  take 
samples  in  the  form  of  brief  EES  records  at  intervals  determined 
by  tbe  procedure  described  in  the  preceding  chapter.  The  number  of 
such  samples  is  determined  for  any  given  subject  on  any  given 
experimental  day  by  sleep  latency.  If  a subject  reached  Stage  II 
(as  determined  by  his  second  consecutive  failure  to  respond  to  a 
signal  tone)  qulclcly  during  current  application  there  would  be  an 
opportunity  for  a greater  number  of  sample  recordings  than  if  he  had 
tahen  a longer  time  to  fall  asleep.  Since  the  first  signal  tone  was 
always  sounded  10  minutes  after  tbe  beginning  of  the  session  and 
since  the  second  tone  followed  approximately  5 minutes  later,  the 
shortest  possible  sleep  latency  by  this  criterion  would  be  approxi- 
mately 15  minutes.  Since  subsequent  sample  recordings  were  made  at 
randomised  intervals,  the  mean  of  which  was  10  minutes,  a subject 
with  the  minimum  latency  on  a given  night  would  yield  5 sample  re- 
cordings. A subject  with  a sleep  latency  of  20  minutes  would  yield 
b samples  and  a subject  with  a latency  of  50  or  55  minutes  would 
yield  only  one. 

Referring  to  Table  3 it  can  be  seen  from  the  column  sums 
that  the  experimental  group  had  a greater  number  of  sample  re- 
cordings than  the  control  group  in  every  experimental  seesion  but 
the  last  (each  group  had  1$  recordings  in  the  fourth  experimental 
session).  Tbe  number  ofsuch  recordings  is,  of  course,  determined 
by  latency,  l.e.,  the  shorter  the  latency 
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HUHm  OF  SAH?1£  RSCCmilINCS  CUFINC  TRS  FIRST  HOUR  C!F  RACE  RRPERlIffiNTiL 
SSSSIC*  FOR  EACH  STAGE  ACROSS  THE  FOUR 
EXmiKRHTAI  SESSIOKS 


Stage  Pars Sim  Per  Cent 

2345 


6 8 

0 2 

l>  5 

0 0 


6 

28 


3.03 


42.42 


23  34.84 

1 1.51 


13  17  20  15  46 


ExperlneDtal  Group 

0*  1 3 

I 1 2 

11  10  7 

III  3 5 

17  3 6 

IJIEM  0 1 


4 1 ? 11.11 

1 0 4 4.J3 

6 9 32  39.50 

5 4 17  20.98 

7 2 18  22.22 

0 0 1 1.23 


24  23  16  81 


“Stage  0,  as  used  here  aod  elsevbere  is  the  text,  refers  to 
periods  of  wakefulness  vbleh  occur  after  sleep  onset. 

greater  tbe  nuaher  of  sample  recordings.  A more  direct  measure  of 
latencF  is  slnplr  tbe  time  of  the  first  sample  recording  or,  If 
there  are  no  samples,  tbe  tine  of  the  first  nluute  of  Stage  II  In 
tbe  subsequent  continuous  recording.  For  the  baseline  session  the 
measure  of  latenc/  Is  always  deternlned  by  the  first  minute  of  Stage 
II.  Table  4 shows  the  latencies  for  each  subject  across  all  five  days. 
From  tbe  group  means  it  can  be  seen  that  tbe  eiperlaen 


stol  group 


TilSIi  5 


SUHHASr  AHAIYSIS  (F  7ARUIICS  ICR  S1E2P  UIZICY  CWIiUSTIEG  7^0  CRODPS 
ID  mKS  OF  CGAXSE  SCCiilS  FROK  TEE  SASELItlE  SESSION  ACROSS 
THE  FOIB  EXmiKSNTAl  SESSIONS 


ss 


MS  F 


Retween  • Sutjects 

Groups 

Error  (b) 


M79.73 


ia6l2.i4 


Within  - Subjects 
Days 

Days  I Groups 
Error  (u) 


802S.75 

11(43.23 

3?27.«5 

2^55-87 


38 

3 

3 

30 


Totaa 


2270«.i|8  47 


1334.52 

2087.15 

222.57 

481.03 

1305.22 


’Significant  at  .01 
"Significant  at  .001 

has  a Bousvhat  longer  latency  for  the  baseline  session  and  shorter 
latencies  for  all  but  one  of  the  experimental  sessions  (day  5).  A 
t-test  for  the  baseline  differences  shovs  that  the  groups  vere  not 
significantly  different  at  the  .05  levol  on  that  day. 

A Lindquist  (1553)  Type  I analysis  of  Tariance  was  computed 
using  the  latency  data  for  the  four  experlcental  sessions.  This  was 
done  employing  change  scores  from  the  baseline  In  order  to  contrast 
the  two  groups  In  terms  of  gain  or  loss  from  the  original  latency 
for  each  subject.  Table  5 summarises  this  analysis  and  shows  tbat 
the  difference  between  groups  la  not  significant  at  the  .05  lewel. 
Significant  differences  are  found,  howoTer,  for  the  days  (.01  level) 
and  for  the  interaction  of  days  and  groups  (.XI  level).  The  source 
of  these  variations  can  be  seen  In  Table  4.  First  of  all,  tbe  day's 


effect  Is  reflected  In  the  sharp  Initial  increases 


itency  for  both 


groups  between  the  baseline  day  and  the  first  experimental  session. 

The  increases  are  also  pronounced  for  both  groups  with  re^rd  to 
the  final  experimental  session.  The  increases  orer  baseline  latency 
for  days  3 and  h are  not  as  great  (the  experimental  group  actually 
drops  below  the  baseline  latency  on  day  3).  The  days  by  groups 
interaction  can  be  seen  in  Table  h by  the  fact  that  the  control  group 
shows  the  greatest  initial  increase  over  baseline  latency  for  the 
first  experimental  session  and  that  the  increases  are  never  again 
as  great  for  the  subsequent  sessions.  The  experimental  group,  on  ^ 
the  other  hand,  does  not  undergo  as  great  an  initial  increase  In 
latency,  actually  drops  below  the  baseline  on  d^  3,  and  then  exhibits 
its  highest  gain  over  baseline  on  day  5. 

The  £0-second  samples  were  scored  for  stages  of  sleep  by 
the  same  criteria  as  were  the  continuous  records  for  the  baseline 
days.  Die  results  in  terms  of  numbers  of  sample  recordings  of  each 
stags  for  each  experimental  session  can  be  seen  in  Table  3.  This 
table  also  gives  tbs  percentage  across  days  for  each  stage  for  each 
group  and  from  these  figures  it  can  be  seep  that  there  are  some 
seemingly  large  differences  between  groups  with  regard  to  Stages  0, 
in.  and  17  In  particular.  It  would  seem  that  the  experimental  group 
awakens  more  often,  achieves  more  Stage  III  and  lees  Stage  IT  than 
does  the  control  group.  A Uhl.sciuare  test  was  employed  to  test  the 
difference  in  stage  distribution  between  the  two  groups  using  the 
summed  frequencies  across  all  four  experimental  sessions.  Due  to 
tbs  snail  frequencies  for  Stages  0 and  I,  these  categories  were 


if 


contlned  In  the  staUstlcal  test.  For  the  sane  reason  Stage  IJUX 
was  onitted.  This  test  was  not  significant  at  the  ,05  ierel 
(Chi-square  a 5,^  with  df  = 3), 

k further  atten^t  was  made  to  contrast  the  two  groups  with 
regard  to  the  SO-second  sauples.  It  will  he  recalled  that  the 
hasallne  sessions  yielded  two  continuous  hours  of  EBl  recordings 
and  that  these  records  when  scored  for  sleep  stages  varied  little 
from  other  such  groups  saopled  by  other  experinenters.  The  baseline 
records  are  employed  as  an  estissate  of  the  "nornal"  or  nonexperl- 
nental  sleep  of  the  subjects  in  this  eiperinent.  When  the  mean  base- 
line sleep  for  the  experinental  grotg)  is  cocpared  to  that  of  the 
control  etovf  as  is  done  in  Tabled!  there  seem  to  be  some  differences. 
Separate  t-tests  were  performed  contrasting  the  two  groins  for  each 
stage  of  sleep.  None  of  the  differences  were  found  to  be  slgnifiont 
at  the  .05  level  (indeed  only  one  of  the  t's  had  a probability  of 
less  than  .10),  The  baselines  of  the  two  groups,  therefore,  are  not 
significantly  different.  Next  an  atteispt  was  made  to  contrast  a 
number  of  the  dO-second  sanqiles  from  the  experimental  sessions  with 
similarly  derived  semples  of  the  baseline  session.  This  procedure 
was  as  follows:  It  was  observed  that  there  were  22  cases  in  which 
subjects  yielded  four  or  five  dO-second  sample  recordings  during 
one  or  more  of  the  experimental  sessions.  There  were  12  such  cases 
for  the  control  group  and  10  for  the  experimental  groigi.  When  the 
first  sample  recording  for  each  of  the  cases  of  five  consecutive 
were  68  periods  which  spanned  the 


ordings  was  eliminated  there 


TABII;  6 


ZB 


pERCEHIiflE  or  Tins  SPSKT  IS  EACH  STAOE  TOR  BOTH  OEODPS  DDRIHC  THE 
BASaiSE  SESSIOH  EKPIOYINS  mi  RECORDS  AFTER 
THE  FIRST  EPISODE  OF  STAOE  I 


SCTerlnental  Croup Control  GroUD 

Stage  Baseline  Stage  Baseline 


0 11.40 

1 9.29 

11  35.63 


0 6.41 

1 13.45 

II  35.68 

III  8.45 

IV  85.03 

I-RS^  10.95 

Keen  Duration  of 

Record  (Minute^  106.50' 


III  6.33 

IT  11.83 

I-HEM  15.91 

Mean  Duration  of 

Record  (Hinatej  118.33’ 


same  lengtli  of  time  (40  minutes).  All  of  the  periods  heg^n  between 
20  end  25  minutes  after  the  beginnlne  of  an  erperimestal  session 
(the  mean  time  of  onset  for  the  periods  was  22.72  minutes).  Since 
the  exact  time  for  each  of  these  38  sample  recordings  was  hnovn  it 
became  possible  to  return  to  the  baseline  record  of  each  subject 
involved  and  obtain  a similar  sample  at  the  same  point  in  that 
record.  There  were  then  88  samples  from  the  first  hour  of  the  base- 
line data  to  oompare  to  those  from  the  experimental  sessions.  Ibis 
data  permits  a contrast  between  the  quality  of  sleep  between  the 
experimental  sessions  (during  the  first  hour  when  electrical  current 
was  being  applied)  and  the  baseline  during  which  the  subject  slept 
under  mote  customary  circumstances. 


TABLE  7 


HUHBSR  OF  SAMPLE  HECORDIKGS  DIRIIB  THE  FIRST  COmSASTIBO  THE 
TRO  CROUPS  Win  THE  COMBINED  BASELINE 


Sample 


II  III  IV  I-HEM 


icmBined  Baseline 


The  data  in  terms  of  sleep  stages  can  Be  seen  is  TaBle  7. 

A Cbl-square  test  was  performed  to  contrast  the  three  sets  of  sample 
recordings  (experimental,  control,  and  the  conhined  Baseline],  Cnee 
again  Because  of  small  IndiTldual  cell  frequencies  certain  cate- 
gories vere  comBined.  Stages  0,  I,  and  II  were  cemBined  into  a 
category  vhich  could  Be  descriBed  as  "light"  sleep  vhile  Stages  III 
and  IV  vere  comBined  to  represent  "deep"  sleep.  Stage  I-RBM  uas 
sucb  a rare  occurrence  in  the  first  four  that  it  was  eliminated 
from  consideration.  The  resultant  Chi-square  value  (1.28  with  1 df) 
fell  far  short  of  the  ,05  level  of  significance.  Thus,  when  sampled 
in  this  manner,  the  sleep  under  either  form  of  electrical  stim- 
latlon  does  not  appear  to  vary  significantly  from  sleep  without 
electricW  stimulation. 


Sleep  Followipg  ELectrleal  Stlnule 


It  will  be  reneDbered  that  iurlii£  the  four  experir.ental 
sessiops  the  electrical  stimulation  was  terminated  after  one  hour 
and  continuous  IXC  recording  was  begun.  In  order  to  determine 
whether  or  not  the  application  of  the  currents  had  an  effect  on 
subsequent  sleep  these  records  were  scored  for  sleep  stages  and 
compared  to  the  baseline  data.  The  comparison  was  mde  using  the 
second  hour  of  each  baseline  record  and  the  first  hour  of  continu- 
ous record  for  ttch  experimental  session.  Thus  all  records,  base- 
line and  experimental,  be^n  after  the  subject  had  been  In  bed  for 
one  hour.  Table  8 shows  this  comparison  In  terms  of  the  percentage 
of  time  spent  In  each  stage.  The  exact  number  of  minutes  spent  in 
each  stage  by  each  subject  can  be  found  In  Appendix  A.  From  the 
baseline  column  In  Table  8 can  be  seen  some  seeolagly  large  differences, 
particularly  with  regard  to  Stages  0,  I!,  IV  and  A series  of 

t-tests,  howeTer,  shows  that  none  of  these  differences  is  significant 
at  the  .05  level,  indeed,  only  one  of  the  t's  (for  the  Stage  IT 
discrepancy)  has  a probability  of  less  than  .10.  These  baseline 
differences  such  as  they  are,  are  shown  graphically  in  Figure  Z and 
can  perhaps  be  best  accounted  for  In  terms  of  the  variation  in  mean 
latency  between  the  two  groups.  As  was  seen  in  Table  4,  the  experi- 
mental group  toolc,  on  the  average,  8 minutes  longer  to  achieve  the 
first  episode  of  Stage  11  In  the  baseline  session  and  consequently 
did  not  have  as  much  time  to  aiass  Stage  II  or  to  cycle  Into  the 
deeper  stages,  particularly  Stage  I-RDI.  If  Figure  3,  which  contrasts 


Control  Sroup  »■  » 

Ecperimsntal  Groop  - . 


ilg,  2, — Clstribution  of  sleep  stages  for  the  two  groups 
during  the  second  $0  minutes  of  the  haseline  session. 
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the  stage  percentages  for  the  final  experinental  eesslons.  Is 
eiMilned,  the  discrepancies  are  sees  to  decrease.  The  difference 
between  the  two  group  latencies  for  that  session  is  onljr  1.34  uinutes. 
Ihs  mean  difference  for  all  experinental  days  is  5.1Z  minutes  and 
Figure  4 shows  that  the  group  differences  in  terms  of  stage  distri- 
bution, when  averaged  for  all  four  K^erinental  days,  all  but  vanish. 
By  the  final  experimental  session  the  groups  are  seen  to  become 
more  and  more  alike  is  terms  of  latency  and  stage  distribution. 

If,  for  the  experimental  group,  the  distribution  of  the 
various  stages  is  compared  between  the  baseline  session  and  the 
final  experimental  session  (see  Fig.  5)  only  a few  small  differences 
can  be  seen.  If  the  same  comparison  is  made  for  the  control  group 
(see  Fig.  6)  the  discrepancies  are  somewhat  larger  with  the  final 
experimental  session  characterized  most  etron^y  by  decreases  in 
Stages  0 and  II  and  increases  in  Stages  III  and  It.  Vhen  similar 
comparisons  are  made  for  each  groi^  between  the  baseline  end  the  mean 
percentages  for  the  four  experimental  sessions  (see  Figs.  7 and  8) 
the  similarities  for  the  experimental  group  are  even  mors  remarkable. 
For  the  control  group,  however,  though  the  general  contrast  lessens 
somewhat,  the  gain  across  days  of  Stage  17  is  still  apparent  as  is 
the  loss  of  Stage  II. 

Six  analyses  of  variance  were  computed,  one  for  each  sleep 
stage,  to  contrast  tbs  two  graaas  in  terms  of  changes  from  the  base- 
line session  across  the  four  experimental  sessions.  Once  again,  a 


llndqulst  (1953)  Type  I design  was  employed  using  change  scores 
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0 I II  III  IV  I-REH 


fig-  A.  — D1  strltutlen  of  sleep  stages  for  the  two  groups  for 
the  Bean  of  the  first  6o  slnutes  of  all  four  eiperlaestal  sessions 
(1^9  Z-5)- 
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Fig.  S. — Distrltetion  ot  slesp  stages  for  the  experiaental  group 
coatrastisg  tbe  first  £o  nlsutes  of  the  haselloe  session  vltb  the 
secona  iO  ninutes  of  tbe  fourth  experimental  session  (aajr  5). 
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Fig.  6.— -Illstrlliution  of  sleep  stages  for  the  control  group 
contrasting  the  first  60  minutes  of  the  hasellne  session  vlth  the 
second  60  minutes  of  the  fourth  emperimental  session  (day  5). 


38 


?ig.  7.— Distribution  of  sleep  stages  for  the  ecperiicental  group 
oontrastiag  the  first  £0  siDUtes  of  the  baseline  session  with  the  nean 
of  the  first  minutes  of  all  four  experimental  sessions  (days  2-5). 


?lg.  6.— -Slstritiutioa  of  sleep  stages  for  the  control  group 
contrasting  the  second  do  nlmites  of  the  hasellne  session  with  the 
mean  of  the  first  dO  oinutes  of  all  four  experiaestal  sessions 
(days  2-5). 


40 


SerlTsd  fron  the  nmher  of  udautes  spent  In  the  given  stage  during 
the  first  hour  of  an  erperlnentel  session  nlnus  the  nunher  of  minutes 
spent  in  that  stage  during  the  second  hour  of  the  haseline  session. 

Table  9 sumisarizes  tbs  analysis  of  variance  for  Stage  0. 

The  difference  between  groups  was  not  significant;  neither  was  the 
effect  of  the  sessions  [days).  There  was,  however,  a significant  I 
(.05)  for  the  days  by  groxgis  Interaction  which  can  be  seen  in 
Table  S to  be  largd.y  attributable  to  the  smaller  vulability  across 
days  by  the  experimental  group. 

Table  10  presents  the  analysis  of  variance  figures  for 
Stage  I and  shows  no  significant  difference  between  the  groups. 

There  were,  however,  significant  ?'s  for  the  effect  of  days 
and  the  days  by  groups  interaction  (.001).  The  effect  across  days 
can  be  seen  in  Figures  5 and  i and  consists  of  gains  by  both  groups 
in  Stage  I for  the  final  experimental  session.  The  interaction  effect 
appears  attributable  to  tbs  mean  loss  of  Stage  I across  the  four  ex- 
perimental sessions  by  the  experimental  group  and  the  mean  gain  by 
the  control  groi9,  as  can  be  seen  in  Figures  7 and  8. 

Stage  II  presents  a similar  picture  (see  table  11).  There  is 
no  significant  effect  between  groiQis  but  there  are  significant  F’s 
for  days  (.05)  and  the  interaction  of  days  by  groups.  The  days 
effect  can  be  seen  in  Table  8 wherein  both  groups  decrease  simultaneously 
in  Stage  II  percentage  when  compared  to  their  baselines.  The  inter- 
action effect  can  be  attributed  to  the  fact  that  the  experimental  group 
shows  a slight  gain  in  Stage  II  In  terms  of  mean  percentage  across 


TiXI.g  9 


StWHART  0?  AMALrSIS  Or  TARIAKCS  OF  STASZ  0*  COSmSTIK  THE  EXPBRI- 
KESTil  AHD  tamOL  GMJUPS  ACROSS  THE  FOUR  EXPHtlHERTil  SSSSIOflS  15 
TSBNS  OF  CEAH5E  SCORES  FROM  IHZ  EA3ELI5E» 


Bst«eea  - Subjects 

Groups 

Error  (b) 


1775.23  11  l5l.3fi 

82. £9  1 82. £9 

l£92.5'»  10  189.25 


Vithin  - Subjects 
Days 

Beys  X Groups 
Error  (v) 

Total 


23i>7.75  36 

259.23  3 

601.15  3 

1487.37  30 

4122.98  47 


88.41 

200.38 

49.S8 


*As  usual,  here  Stage  0 refers  to  periods  of  vakefulness 
vhlch  follow  the  Hrst  recorded  minute  of  Stage  II. 

**Contiastlng  the  second  hour  of  each  baseline  record  to  the 
first  hour  of  continuous  record  for  each  experimental  session. 

•“•Significant  at  .05. 


TABLE  10 

50KMABY  OF  ANAIYSIS  OF  VARIAHCE  OF  STAGS  I OOHmSTIHG  THE  EXPERI- 
HEHTAL  ADD  COKTROL  GROUFS  ACROSS  THE  FOUR  EAPERIHERTAI  SESSIONS  IN 
TERMS  OF  CHANGE  SCORES  EDOM  THE  BASELINE* 


588.83 

927.50 


Between  - Subjects 
Error  (b) 

Within  - Subjects 
Says 

B^s  X Groups 
Error  (w) 

Total 


171.17  3 

409.00  3 

347.33  30 

1834. fi?  47 


38.88 

25.78 

57.06  4.93«» 

136.33  11. 77*** 

11.58 


•Contrasting  the  second  80  minutes  of  each  baseline  record  to 
the  first  80  minutes  of  continuous  record  for  each  experimental  sesslcn. 


“Significant  at  .01 
••“Significant  at  .001, 
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StlKKAKY  0?  AHALYSIS  0?  7AHIAHCE  Of  STAGE  II  OOSTRASTINO  IBS  SWERI- 
HESTAL  Aim  CONISOI  GRODFS  ACROSS  IBS  FOUR  ECPStlKERTAl  SSSSIOHS  IN 
TERMS  Of  CHAKGE  SCORES  FR(»  THE  BASELIHE' 


Source 


SS  at 


MS  f 


7027.33  11 
858.52  1 
£l£9.Zl  10 


«38.88 

858.52 

8l£.92 


VltUn  - SuUJecte 
lays 

Esys  X Groups 
Error  (u) 


'1074.7S 

57‘*.25 

1815.50 

I885.OO 


38 

3 

3 

30 


113.19 

in.'s 

538.50 

«2.83 


Total 


m02.W  £7 


*Contrastlii£  tlie  secoal  80  nlnutea  of  each  baseline  record  to 
the  first  80  nlautes  of  continuous  record  for  each  experimental 


"Significant  at  .05 
""Significant  at  .001 

all  four  experimental  sessions  while  the  control  ^oup  shows  a loss 
(see  Figs.  7 and  8). 

The  analysis  of  wiance  for  Stage  III,  as  siuimarlsed  in 
lUble  1^  yields  00  significaat  f's.  figures  7 and  8 show:  that  both 
groups  mnliB  slight  gains  and  that  there  is  little  Tarlation  across 
days  for  this  stage. 

Stage  IT  is  the  only  rarlable  for  which  a significant  (.05) 
difference  is  found  between  groups  (sea  Table  13).  The  control 
groi^  shows  gains  over  the  baseline  session  for  each  of  the  experi- 
mental sessions  while  the  experimental  group  shows  consistent  losses 


SUKKAEf  or  iHiSlYSIS  OF  YiWANOE  OF  STAGS  III  COHmSTIMG  THE  ECPERI- 
MESTAL  AHI  CONTam.  GROUPS  ACROSS  THE  JOUR  EXPIEIHENTAL  SESSIONS  IH 
TERRS  OF  CHANGE  SCORES  FROK  TBS  RASILINE* 


RS  F 


Selwses  ■ Subjects 


Groups 
Error  (b) 


Hlthip  - Subjects 
Days 

Hays  X Groiqis 
Error  (w) 

Total 


578.17  11 

3.00  1 

575.17  10 

7‘t0.50  36 

47.84  3 

08.00  3 

504.68  30 

1318.67  4? 


x:S 


*Contre3tliig  the  second  6o  Unutes  of  esob  baseline  record 
to  the  first  60  ulnutes  of  continuous  record  for  each  experlDental 
session. 


TA21E  13 

SUMMARY  OF  ANALYSIS  OF  TASlASOE  OF  STAGE  IT  OOHTRASTIW  THE  EXPSU- 
MENTAL  ANE  COHISOL  GROUPS  ACROSS  THE  FOUR  EXPERIHEHTAl  SESSIONS  IS 
TISMS  OF  CHANGE  SCORES  FROK  THE  BASELINE* 


Source 

SS 

df 

MS  F 

Between  - Subjects 

Groups 

Error  (b) 

4089.17 

1656.75 

2432.42 

11 

1 

10 

371.74 

16^.75  6.01** 

243,24 

Vlthln  - Subjects 

3092.50 

36 

85.90 

46.06  1.97 

Beys  X Groups 

Error  (w) 

Total 

2251.67 

702.66 

7101.6? 

3 

30 

47 

750.56  32.05*" 

23.42 

•Contrasting  the 
the  first  60  minutes  of  o 
eeselon. 

second  60  mlnn 

tee  of  each  baseline  record  to 
Id  for  each  experimental 

"Significant  at  .05 
•••Significant  at  .001 


8).  The  groups  b7  days  interactioa  is  also  significant 


which  is  attrihutahle  to  the  marl  mam  gains  hy  the  control  group  in 
the  last  two  experimental  sessions  and  the  similtaneons  rartpui 
losses  hy  the  experlmestal  group.  The  days  effect  is  not  significant. 

Stage  I-RQI  yielded  no  significance  for  any  of  the  effects 
in  the  analysis  of  variance  (see  lahle  14),  figures  7 and  8 show 
that  the  experimental  groi^  undergoes  a sli^t  gain  in  I>R9I  across 
days  while  the  control  group  undergoes  a slight  loss. 

TAELS  14 

SUMHAHY  OP  AHAIYSIS  OP  TiSIAKOB  OP  STAOE  I-REH  aWIKASTINO  THB  SCPEBI- 
KESTAL  ASS  COHUIOL  SEOUPS  ACROSS  THE  KKJR  SfFERlHSBTAL  SSSSIOSS  IS 
THIHS  OP  CHAKS  SCORES  FROM  THE  BASSLISS* 


Between  - Subjects 
Error  (h) 


1664.73  11 
180.19  1 
1484.54  10 


151.34 

ieO.19  1.21 

148.45 


Vithin  - Subjects 
Says 

Days  X Croups 
Error  (w) 


3998.25 


2997.a 


36  111.06 

3 102.35  1.03 

3 230.83  2.31 

30  99.91 


ToUl 


5662.98  47 


^Contrasting  the  second  60  minutes  of  each  baseline  record 
to  the  first  60  minutes  of  continuous  record  for  each  experimental 
session. 


Hie  two  groups  were  also  compared  in  terms  of  the  number  of 
stage  changes  per  session  euploying  the  same  time  Intervals  as  were 
used  In  the  preceding  analyses  of  stage  distribution.  For  each 
session,  baseline  throu^  the  final  experimental  session,  a count 


<*$ 

MIS  Diade  of  tbs  nUDbsr  of  tlnss  each  subject  cbauged  fron  one  stage 
of  sleep  to  anotber.  Change  scores  vere  cooputed  by  subtracting  tbs 
number  of  changes  is  ech  experimental  session  from  those  In  the 
baseline  session.  Table  15  gives  the  number  of  changes  for  both 
groups  across  all  sessions  and  shows  that  both  tbe  difference  between 
groups  and  between  seselons  are  ssell.  The  mean  in  minutes  per  stage 
episode  estimates  the  average  time  spent  between  changes.  Once  a^in, 
a lindipjlst  (1953)  IJpe  I analysis  of  variance  was  computed.  The 
analyslE  yielded  no  significant  effects  (see  Table  15). 

One;.fUrtbBr  consideration  was  given  which  involved  these  same 
posUstlBUlation  sessions.  Ibis  was  the  length  of  tine  between  the 
onset  of  tbe  first  minute  of  Stage  II  (or  the  second  consecutive 
failure  to  respond  to  tbe  signal  tone]  and  tbe  first  occurrence  of 
one  of  tbs  ‘'deeper"  stages,  III,  or  I-EEH.  This  includes,  of  course, 
the  time  actually  spent  in  the  first  episode  of  Stage  II.  This  con- 
sideration necessarily  involves  tbs  use  of  sample  readings  during 
stimulation  in  those  cases  where  sleep  first  occurred  during  the 
first  hour  of  an  eJ^srlmental  session.  From  Table  17  it  can  be  seen 
that  for  both  grcnnis  transition  from  Stage  II  to  one  of  the  deeper 
stages  took  longer  during  the  first  experimental  session  than  during 
any  other  session,  i t-test  shows  that  the  difference  between  the 
baseline  data  for  tbe  two  grotQis  Is  not  significant.  Afflin  a 
llndqulst  (1953)  Type  I analysis  of  variance  was  employed  using 
change  scores  from  the  baseline  and  contrasting  the  two  groups  across 
the  four  experimental  sessions.  Table  18  presents  tbe  analysis  of 


variance  summary  and  shows  no  significant  differences  for  any  of 
the  effects.  Apparently  the  transition  from  Stage  II  to  "deeper" 
stages  is  neither  significantly  prolonged  nor  speeded  by  either  form 
of  electrical  stimulation. 

Another  observation  should  be  mentioned.  In  most  cases 
(13^  out  of  lb?  sample  recordings),  termination  of  either  form  of 
current  did  not  awaken  the  subjects.  Looking  once  more  at  Table  7, 
It  can  be  seen  that  when  both  the  baseline  and  experimental  sessions 
are  sampled  there  are  actually  two  more  instances  of  Stage  0 in 
the  baseline  samplings.  t 


Id 

TAKLS  l£ 

SUHKARY  AKALYSIS  OP  TAPJAHCE  OP  SIAEE  CHAHSIS  OOSTSASTIKO  THE  SSPJBI- 
HHPTil  iSD  roSTRa  GROUPS  ACROSS  TEE  KIDE  ECPERIHESTAi  5SSSIOES  IH 
TERMS  OF  CHSHGE  SOORRS  FROM  THE  BASELINE* 


SS  df  KS  I 


Wttiin  - Subjects 


«52.73 
^ 2,52 
«5o.a 

253.23 

27.23 

^5.13 


59.34 

2,52 

55.02 


*Contt&3tliig  the  second  50  alautes  ot  each  hasellns  record 
to  the  first  60  nlnutes  of  continuous  record  for  each  experimental 
session. 


TAHLE  17 

UTEHCY  IROH  THE  FDtST  KUrttTE  OF  STAGE  11  DHTIL  THE  HRST  MHUTE  OP 
STAGE  111,  IT  OR  I-MH 


ErperlmenUl  Groi^ 


TAZLE  16 


SUMHASY  OP  AHAITSIS  OP  TiRIAFCB  OP  IHB  LilKUCY  PEOM  STASS  11  TO 
STASS  III,  IT  OR  IJIBA  IN  TEWS  OP  CBANOP 
SCORES  PROM  TEE  RASZLINE> 


Source 


SS  df  KS  P 


Setween  - Subjects 
Error  (b) 


5657.92  11 
397.50  1 
5260.42  10 


Vlttiin  - Subjects 
Daps 

Says  X Groups 


6358.00 

543.42 

1067.59 

4746.99 


36 

3 

3 

30 


176.61 

181.14 

355.86 

158.23 


*CoiitrastlEig  tbe  second  60  ilsutes  of  each  Iinsellne  record 
to  the  first  60  minutes  of  continuous  record  for  each  experimental 


SilyaroTsklf  asS  Ms  associates  (1958) 


Dents  regraing  tbs  tbetapeutlc  Talue  and  essential  usloueness  of 
tbe  sleep  uMch  is  induced  b;  the  cranial  application  of  certain 
current  paraneters.  These  researchers  base  clearly  indicated  that 
sleep  vhlcb  accoopanles  and  follows  such  stiaolatlos  has  a different 
quality  and  effect  than  the  sleep  which  a hunas  suhlect  night  nomally 
experience  by  sioply  lying  down  in  a quiet  end  confortable  place 
and  waiting.  - They  also  sake  it  clear  that  najor  deTiatlons,  even  in 
the  nethod  of  cranial  application  should  result  In  failure  to  induce 
tbe  special  state  called  electrosleep.  Tbe  present  inTostigator 
has  taken  great  care  to  enploy  current  paraneters  in  the  proper 
rsjige  and  to  apply  these  to  the  subjects  of  tbe  experioental  group 
in  a Banner  identical  to  that  of  proTlous  electrosleep  researchers. 
Since  the  control  group  received  electrical  stimulation  at  a point 
quite  distal  to  the  head,  differences  between  the  groups  Di^t  logi- 
cally be  expected  to  occur  if  tbe  sample  of  subjects  was  not  deviant 
and  if  the  two  contrasted  groups  did  not  show  any  significant  initial 
(baseline)  differences,  from  Chapter  II  it  is  clear  that  the  various 
proponents  of  ^ectroslsep  are  not  specific  in  Indicating  what  dif- 
ferences In  terns  cf  sleep  parameters  are  to  be  expected.  For  this 
reason  a broad  range  of  sleep  parameters  was  studied  in  an  attempt 
to  determine  which  mi^t  be  relevant. 

50 
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sellne  Sleec  of  the  Present  Santple 
The  distribution  of  the  various  sleep  stages  for  all  of  the 
subjects  in  this  expsclreot  was  coDpared  to  that  of  the  subjects  of 
two  aoreative  studies  of  the  afternooa  sleep  of  young  adults  (Vebb 
and  ignew,  1967;  Karon,  et  al.,  1964).  The  three  sets  of  data 
latched  closely.  The  present  saople  doss  not  appear  grossly  deviant 
with  regard  to  stage  distrlbutioa. 

When  the  baseline  data  for  the  experloental  group  was  cox- 
pared  to  that  of  the  control  group  no  statistically  slgiiificant 
differences  vers  found  between  the  two  groups  with  regard  to  the 
following  mriables!  sleep  latency,  stage  distritution,  iteaii  dur- 
ation of  stage  episodes,  and  the  length  of  tiue  between  the  first 
onset  of  Stage  II  and  the  first  onset  of  one  of  the  "deeper" 
stages.  The  two  groins  do  not  deviate  free  each  other  Initially  to 
any  statistleally  significant  extent  on  any  of  the  variables  studied. 

Sleen  Samples  During  Electrical  Stlsulation 
Tha  cne-ilnute  sasple  recordings  tedten  at  10  minute  intervals 
provided  the  most  direct  estimate  of  electrosleep  paraaeters  and  yet 
no  statistically  significant  differences  could  be  demonstrated  either 
by  contrasting  the  two  complete  sets  of  sample  recordings  directly 
or  hy  contrasting  both  with  samples  tahen  from  the  same  minutes  of 
the  baseline  sessions.  It  must  be  borne  in  mind,  however,  that  several 
factors  reduce  the  usefulness  of  the  approach.  It  will  be  recalled 
that  the  minicuD  obtainable  latent  for  any  subject  in  an  experimental 
session  was  approximately  15  minutes  and  that  the  consequent  mxionm 
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mimtier  of  cne-islnute  saaples  vas  five.  under  opticusi  drain, 
stances  there  vere  In  the  first  hour  of  every  enerlEental  session, 
15  minutes  fron  vhicb  no  senple  eas  obtained  end  of  the  rcaainins 
ninutes,  the  stage  quality  could  be  detenalsed  for  only  five.  In 
addition  to  this  the  discontinuous  nature  of  the  data  obtained  by 
the  sanpling  method  forced  the  investigator  to  use  less  sensitive 
nonpaiasetric  statistical  tests.  Sven  though  the  differences  failed 
to  achieve  significance  it  vas  noted  that  the  one.mlmite  sample 
records  of  the  eiperimental  group  shoved  a greater  proportion  of 
Stage  0 and  a smaller  proportion  of  Stage  IT  than  did  those  of  the 
control  groiqi.  It  vill  be  ahoun  belou  that  this  same  relationship 
appears  in  the  subsequent  continuous  recordings  for  eiqierimental 
sessions. 

Among  the  sample  recordings  there  vere  six  instances  in 
which  the  first  onewnlnute  sample  was  scored  as  Stage  0.  This  is 
remarkable  in  that  the  first  samples  vere  taken  vithin  tvo  or  three 
seconds  of  the  suhject's  second  consecutive  failure  to  respond  to  the 
signal  tone.  Luce  (19d5),  in  an  extensive  revlev  of  the  relevant 
literature  makes  it  clear  that  a subject  vho  is  experiencing  either 
Stage  0 or  I is  under  ordinary  circumstances  capable  of  bearing  and 
responding  to  a signal  tone  such  as  the  one  employed  in  this  study. 
The  same  author  Indicates  that  for  a subject  in  Stage  II  or  one  of 
the  "deeper''  stages  there  is  little  probability  of  a response  to  sucb 
a tone.  It  vas  assumed,  therefore,  that  a subject,  If  he  uas  vllling 
to  make  such  a response  (as  vas  every  subject  in  the  present  study 
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on  one  or  aore  occasions),  vould  do  so  nnless  he  usis  experiencing 
Stage  II  or  a "deeper"  stage,  (tie  bypotlieBis  that  could  account 
for  these  initial  recordings  Of  Stage  0 has  been  considered.  If 
the  subject  were  in  Stage  XI  at  the  tine  of  both  signed  tones, 
these  tones  folloved  by  the  cessation  of  electrictd  stltnilation  aa^ 
have  proTided  a coobioatlon  of  stlnvli  sufficient  to  etoke  arousal. 

In  teras  of  sleep  latency  the  groups  were  core  alike  in  the 
experinental  seesions  than  they  were  on  the  baseline  day.  The  sean 
baseline  latency  for  the  control  group  uas  shorter  tban  that  of  the 
experinental  group.  Across  the  experinental  sessions  both  groins  did 
tend  to  Increase  in  latency  and  in  every  case  but  day  3 the  experi- 
Dental  group  had  the  shorter  latencies.  Sacb  group  varied  differently 
across  days  and  this  resulted  in  a significant  Interaction  effect. 
There  uas  also  a significant  effect  for  days  (sessions).  This  ob- 
viously resulted  fron  the  longer  latencies  shotfu  by  both  groups  In 
the  first  and  last  ei^eriDental  sessions  [days  2 and  5).  Xbe  longer 
latencies  In  the  first  experinental  session  night  be  interpreted  as 
the  result  of  the  novelty  and  perhaps  dlscocfort  of  the  electrical 
stlDulatlon.  The  novelty  of  the  Introduction  of  tbs  signal  tone 
might  also  have  contributed  to  longer  latencies  on  this  day.  These 
factors  vould  not  account,  hovever,  for  the  recurrence  of  longer 
latencies  on  the  fifth  day.  The  author  can  offer  no  reascnable  ex- 
planation for  this  except  to  note  that  one  subject  (see  Table  4) 
contributed  disproportionately  to  increased  latency  of  the  experi- 
mental group  on  day  5.  The  group  differences  in  sleep  latency  vere 


Dot  found  to  tie  significant  for  either  the  baseline  or  the  einerl- 
nental  sessions.  OstIousI?,  neither  the  cranial  stisiilatlon  nor  the 
leg  stlBulatiOD  resulted  is  a decrease  Is  latency.  It  should  be 
noted,  bowever,  that  because  of  tbs  linlinnD  possible  latency  (Ij 
nisutss)  Inposed  by  the  signal-response  criterion  sose  indlridual 
baseline  latencies  vere  not  free  to  tary  In  the  negative  direction. 
There  were  three  subjects  in  each  group  with  baseline  latencies 
shorter  than  15  islnutes.  This  would  sake  it  more  difficult  for  a 
decreasing  trend  to  reveal  itself. 

Sleep  Tollowlng  Beetrleal  StiBulation 
The  experioental  and  control  groups  did  not  differ  significant- 
ly in  tens  of  stage  distribution  when  the  second  hours  of  their 
baselines  vere  conpared.  Moreover  it  vas  noted  that  even  the  non- 
significant differences  between  the  groups  decreased  when  they  vere 
coopared  across  all  four  erperlientel  sessions.  Across  the  experl. 
Bental  sessions  the  control  group  shows  the  greater  degree  of 
variability  for  all  stages  except  I.  The  control  group  shoved 
greater  changes  in  r^ation  to  the  baseline.  The  direction  of 
these  changes  on  the  part  of  the  sontrol  group  vas  such  as  to  dscrase 
the  between  groups  iiffcences.  This  factor  made  a oajor  contribution 
to  the  four  significant  groups  by  days  interactions  particularly 
those  for  Stages  0,  II  and  IT.  The  other  significant  interaction 
froB  the  analysis  for  Stage  I vas  influenced  by  the  fact  that  both 
groups  shoved  ssall  but  consistent  changes  across  the  four  sessions 
in  opposite  directions.  Ihe  experimental  gro^  decreased  in  Stage  I 
while  the  control  group  Increased. 


T&e  greatest  single  cantritntion  to  tbe  greeter  Tsriebillty 


of  the  control  group  «as  tbs  tendency  to  increase  consistently 
across  days  In  Stage  17  percentage.  TUs  tendency  decreased  the 
largest  overall  difference  between  the  groups  hut  provides,  in  tenis 
of  change  fron  the  haseline,  tbe  only  significant  difference  he- 
tveen  the  groups.  The  control  group  variance  is  also  seen  as  the 
lajor  component  of  the  significant  d^s  effect  for  Stage  II.  The 
experimental  group  varies  in  the  sane  direction  hut  to  a such 
smaller  extent. 

Prom  the  shove  discussion  It  can  he  seen  that  the  changes 
exhlhlted  by  the  control  group  account  for  tbe  tendency  seen  in 
Figure  4 for  the  two  groups  to  become  more  similar  when  compared 
across  tbe  four  experimental  sessions.  These  changes  consist  mainly 
of  Increases  is  Stage  IT  and  decreases  in  Stage  11.  There  was  also 
a tendency  for  the  control  group  to  eidiihit  decreases  Ic  Stage  0 
during  the  sessions.  The  experimental  group  exhibited  gains  in 
Stage  0.  Though  these  Stage  0 cbenges  are  not  significant  they  are 
mentioned  because  of  tbe  previously  noted  trend  in  the  same  direction 
found  in  the  sampling  data,  across  experimental  sessions  the  expert.. 
mental  group  exhibited  slight  but  consistent  decreases  in  Stage  IT. 
There  was  also  less  Stage  IT  exhibited  in  the  sample  recordings  of 
the  experimental  group  than  in  those  of  tbe  control  group. 

Two  other  veriahles  were  studied.  These  were  tbe  number  of 
stage  changes  and  tbs  latency  between  tbe  first  occurrsnee  of  Stage  II 
and  the  first  occurrence  of  one  of  tbe  "deeper"  stages,  little  vari- 
ation could  be  seen  either  between  or  within  groups  is  either  variable. 


B«tb  neesures  regained  stable  across  experlnental  sessions  and  do 
Bl^flcsst  effects  were  found  Is  either  analysis  of  mriance. 

Both  the  experlaental  and  control  groups  tended  to  tahe  longer  to 
reach  one  of  the  "deeper"  stages  is  the  first  aKperimental  session 
than  in  any  other  session.  This  could  perb^s  be  accounted  for  in 
terns  of  the  norelty  of  the  experlEental  session  as  was  centloned  in 
connection  with  the  latency  data. 

In  sumary  there  vere  fev  apparent  differences  betvaen  the 
t«o  groups.  Ihe  only  significant  difference  hetveen  groups  las  for 
Stage  IT  and  this  uas  due  nainly  to  increases  across  the  GCperinental 
sessions  hy  the  control  group.  The  experlaental  group  varied  less 
across  experlaental  sessions  tending  to  decrease  slightly  in  Stags 
IT.  There  was  also  a nonsignificant  tendency  for  the  experlaental 
group  to  exhibit  acre  Stage  0 after  sleep  onset  in  both  the  first 
and  second  hours  of  the  experlaental  sessions.  The  experimental 
group  also  varied  less  across  sessions  in  relation  to  Its  own  base- 
line tban  did  the  control  group.  It  is  concluded  that  in  general 
the  effect  of  cranial  stimulation  on  the  various  sleep  parameters 
studied  is  not  as  great  as  is  the  effect  of  applying  sinilar  currents 
to  the  leg.  This  is  particularly  apparent  when  changes  from  the 
baseline  are  considered.  Insofar  as  there  were  differences  resulting 
from  the  two  methods  of  current  application  these  tooSc  the  fora  of 
less  Stage  IT  for  the  experimental  (cranial  application)  group. 

There  was  also  a nonsignificant  tendency  for  the  same  group  to  experi- 
ence more  Stage  0.  These  same  factors  are  seen  both  during  and  after 
stimulation.  It  cannot  he  said  fron  these  findings  that  standard 
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In  "ieeper"  sleepj-a 
tendency  to  the  contrary  is  apparent.  It  cannot  he  said  that  as  a 
sleep  Induction  technique  this  oetbod  shortens  latency.  It  should 
he  noted  that  proponents  of  the  use  of  this  technique,  e.^. , 
BllyeroTSkl^  et  al.  (1958)  hare  not  made  clear  claiss  that  the 
device  would  produce  shorter  latencies;  neither  have  th^  referred 
to  the  snhsequent  sleep  as  "deeper”  in  the  sense  in  which  it  is 
lued  here,  for  this  reason  the  data  in  the  present  study  should  not 
he  interpreted  to  say  that  there  is  no  electrosleep  effect  or  that 
the  effect  is  slight.  If  the  effect  does  exist,  it  could  show  it- 
self in  teras  of  other  reriahles  beyond  the  scope  of  this  study. 


CH4PTZR  n 


SWKiUtT 

An  experimsit  vas  conducted  to  deteculne  various  psycho- 
physiological  parameters  of  sleep  during  and  after  the  cranial  appli- 
cation  of  oertaln  electrical  currents.  The  pareiseters  of  these  currents 
were  vithin  the  range  of  those  used  is  the  technliiUB  uhich  has  been 
referred  to  as  electrosleep.  The  pulse  generator  (electrosleep 
machine]  employed  vas  built  at  tbs  University  of  Tlorlda  to  conform 
to  the  output  characteristics  of  those  used  in  previous  studies. 

Subjects  were  male  university  students  who  ranged  in  age 
from  18  to  25  years.  were  assigned  to  two  equal  groups  (enperi- 
mental  and  control)  which  were  balanced  for  sleep  latency.  Subjects 
sere  studied  in  pairs  for  five  consecutive  days  during  the  afternoon. 
They  reclined  on  comfortable  beds  in  a well-equipped  sleep  laboratory. 
Each  was  told  that  it  was  permissible  for  him  to  sleep  if  he  chose. 

On  the  first  or  baseline  day  each  subject  slept  for  appraUiiately  two 
hours  during  which  EEO  and  EOG  recordings  were  made.  On  subsequent 
days  the  subjects  in  the  experimental  group  were  stimulated  cranially 
in  the  standard  manner  with  electrosleep  currents  for  one  hour.  The 
control  group  had  similar  currents  a;^lled  to  the  leg  for  one  hour. 

If,  during  the  coarse  of  this  hour,  a subject  fell  asleep  (as  deter- 
mined by  failure  to  respond  to  a signal  tone  presented  at  predetermined 
intervals)  the  pulse  generator  was  turned  off  and  a one-minute  sample 
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SJS.IOG  recBrcl  was 


recotdlsg  uas  aeie  slsctric&l 


stlaulatira  tBs  resuned.  Suliss^eit  recordings  vers  xade  at  prs- 
detsrslned  Intervals  iintll  the  end  of  the  hour  at  vtich  tiias  continu- 
ous SIS-SOI}  recordings  vers  cads  until  ths  subject  had  slept  for 

The  records  were  scored  for  stages  of  sleep  using  a nodlfl- 
cation  of  the  syatsB  of  Dement  and  QeltDsa.  The  baseline  sleep  of 
the  combined  groups  vas  cospared  to  that  of  the  subjects  of  tvo 
normative  studies  In  terms  of  sleep  stage  distribution,  ill  three 
samples  were  similar.  The  one-minute  seiple  recordings  for  the  two 
groins  were  compared  both  to  each  other  and  to  samples  talcen  from 
the  Identical  time  Intervals  of  the  baseline  records.  The  bases  of 
comparison  were  distribution  of  sleep  stages  and  slesp  latency.  Eo 
statistically  significant  differences  vers  found  between  the  tvo 
groups.  A tendency  vas  noted  for  the  eiperissntal  groi^  to  avahen 
more  often  during  the  first  hour  than  did  the  control  group. 

Ths  records  of  sleep  following  stimulation  were  also  compared 
in  tarns  of  stags  distribution,  the  nunher  of  stege  changes,  and  the 
latency  from  Stage  II  to  the  first  "deeper"  stage.  Analyses  of 
variance  (using  change  scores  from  the  baseline)  yieldsd  no  signifi- 
cant differences  for  these  last  tvo  variables.  The  groups  differed 
significantly  with  regard  to  only  one  variable,  percentage  of  Stage 
IT.  There  vas  also  a significant  tendeney  for  the  latencies  of  both 
groups  to  vary  across  experimental  sessions.  A nonsignificant  ten- 
dency was  noted  for  the  experimental  group  to  spend  core  time  In 


stage  0 (vakefuluets).  Both  across  experirer.tal 


the  hasellAe  an&  experluental  sessiohs  the  control  group  shoKed  a 
greater  tendenc/  to  change  with  regard  to  sleep  patterns  than  did 
the  experlciental  group. 

In  general  it  was  found  that  the  experisental  group  tarled 
onlg  sillily  frOD  its  own  baseline  paraieters.  It  can  he  said  that 
the  experimental  group  differed  significantly  with  re^xd  to  a ten- 
dency to  experience  progresslTely  less  Stage  IT  across  experlDental 
sessions.  This  was  considered  in  csihination  with  the  nonsignificant 
tendency  for  this  group  to  spend  more  time  in  Stage  0 in  both  the 
first  and  second  hours  of  eqierimental  sessions.  It  was  concluded 
that  electrosleep  was  neitber  deeper  nor  more  rapid  in  onset  than 
either  noneiperimental  (haselihe]  sleep  or  the  sleep  of  subjects 
who  receired  electrical  stimulation  on  the  leg. 
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